To identify the quantitative trait loci (QTL) affecting abdominal fat deposition in chickens, we carried out QTL analysis on this trait using a resource population of 222 F2 progeny from a cross between a Satsumadori (a Japanese native breed showing little abdominal fat deposition) male and a White Plymouth Rock (a broiler breed showing significant abdominal fat deposition) female. We chose 78 microsatellite loci from 331 loci publicly available of 14 linkage groups, based on their utility and location. One QTL affecting the ratio of abdominal fat deposition to live body weight (abdominal fat %) at 16 weeks of age was mapped at 38.0cM on chromosome 7, with a LOD score of 7.0. The closest loci to the QTL was MCW316. The QTL was located between markers MCW316 and MCW92, being 1.0cM apart from MCW316. The difference in abdominal fat % in F2 was associated with allele types of MCW316 (P<0.0005), which suggests the possibility of marker-assisted selection for abdominal fat deposition in chickens.
Introduction
Selective breeding of broilers has been carried out principally for body weight gain. However, it is accompanied by an increase in abdominal fat. Because it is almost useless, the abdominal fat is usually disposed. An increase in the abdominal fat not only lowers the net chicken meat yield but also damages the image of low-caloric chicken meat, and the fear of a resulting decline in the consumption of chicken. In addition, it is a serious waste of feed. Although the abdominal fat deposition can be regulated to a certain extent by controlled feeding methods (Cabel et al. 1987 (Cabel et al. , 1988 (Cabel et al. , 1991 Waldroup et al. 1990; Salmon et al. 1993) , it is feared that productivity would be lowered. Accordingly, it was necessary to establish a method to improve fat deposition by genetic manipulation.
Advance has been constantly made in the preparation of chicken genetic maps and quantitative trait loci (QTL) analysis. Many DNA markers have already been mapped (Crooijmans et al. 1993; Khatib et al. 1993 a, b; Burt 1994; Cheng and Crittenden 1994; Crooijmans et al. 1994; Khatib et al. 1994; Cheng et al. 1995; Crooijmans et al. 1996; Crooijmans et al. 1997; Gibbs et al. 1997 ; Groenen et al. original data (Fig.1) , but the same LOD profile was observed (data not shown). Thus, the results of the QTL analysis on the original data alone are presented here. Effects on F2 abdominal fat % from MCW316 alleles Table 3 shows the relationship between the MCW316 alleles nearest to the QTL, and abdominal fat % at 16 weeks of age in the F2. The MCW316 allele type of SD was shown by AA (165bp), and in WR by BB (179bp). There was significant difference in abdominal fat % depending on the allele (P<0.0005), and the F2 abdominal fat % of the AA type was higher than that of the AB and BB types (Table 3) .
Discussion
In QTL analysis, it is important to limit the impact of the environment on the target traits. However the number of individuals in family lines used in this analysis may be several hundred. Therefore when F2 individuals are produced, they often have to be reared over an extended period, since it is difficult to produce all the individuals at the same time. In this case, environmental factors such as rearing location and season will have some impact on the target traits, and the larger the animals, the greater the impact. In this respect, chickens are thus ideal for QTL analysis since it is possible to make a number of family lines in a short time, and to control the individuals under the same conditions. Crooijmans et al. (1996) and Vallejo et al. (1998) proposed that chickens are an excellent model for the application of genetic mapping. In this study, no significant difference in average abdominal fat % was found between the three hatches, and the phenotype data was suitable for QTL analysis.
From the results of the QTL analysis, the LOD score showed a high value of 7.0. A LOD score 4.4 is a significant linkage in this study. It corresponds to a genome-wide false positive rate in the neighborhood of 5%. According to this, the LOD score of 7.0 in this study is thought to be a very strong linkage.
There has been no published reports on QTL affecting abdominal fat deposition in chickens. Several studies have reported on QTLs of pigs and a strong linkage between the markers and the trait was observed on one chromosome: Chr. 4 (Andersson et al. 1994; Knott et a1. 1998 ), similar to this study. In contrast to this, it was reported that QTLs affecting abdominal fat percentage were observed on two chromosomes in mice: Chr. 3, 4. (Brockmann et al. 1998) . It was also reported that mice QTL affecting abdominal fat percentage and QTL affecting body weight were on different chromosomes (Brockmann et al. 1998) . QTLs affecting chicken growth have been mapped mainly on chromosome 1 (Groenen et al. 1997; van Kaam et al. 1998 van Kaam et al. , 1999 Tatsuda et al. 2000) and there has been no mapping of QTL affecting growth on chromosome 7, thus showing the same tendency as in the above-described report on mice. In a report 
